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(57) An optical acoustoelectric transducer having a 
directivity pattern like a better 8 by receiving by a light- 
receiving element a reflected fraction of the light from a 
light-emitting device disposed at the center of a bottom 
plate that is parallel to a diaphragm, has an opening 
through which an acoustic wave enters, and is connect- 
ed to supporting side plates. An optical acoustoelectric 
transducer having uniform amplitude characteristics in 
a wide frequency range by mixing by a mixer circuit the 
outputs of a plurality of optical microphones having dia- 
phragms of mutually different thicknesses so as to make 
the receiving sensitivity uniform in different frequency 
ranges. A directional optical acoustoelectric transducer 
having a small size and wide band characteristics by ar- 
ranging a plurality of light-emitting devices (LD) and a 
plurality of light-receiving elements (PD) corresponding 
to a plurality of diaphragms arranged parallel. 
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Description 
Technical Field 

[0001] The present invention relates to an optical 
acoustoelectric transducer for converting vibration dis- 
placement of a vibrating board into an electric signal by 
using light. 

Background Art 

[0002] There is a microphone as an acoustoelectric 
transducer. In general, in order to provide sharp direc- 
tivity for sensitivity in an incident direction of a sound 
wave vertical to a vibrating board of the microphone, it 
is necessary to configure a microphone apparatus so as 
to have the sound wave incident not only on a front por- 
tion but also on a back portion of the vibrating board. 
[0003] As for a dynamic microphone broadly used in 
the past, it has a configuration wherein a coil is mounted 
on the vibrating board in order to detect the sound wave 
from the vibrating board, and so the coil and so on resist 
sound pressure entering from the back so that the vi- 
brating board cannot always be vibrated as on the front, 
it was difficult, however, to provide the configuration 
wherein the front portion and the back portion of the vi- 
brating board are completely opened so as to render the 
sound wave incident from both the front portion and the 
back portion. 

[0004] In addition, as for a condenser microphone, it 
has the configuration wherein, as it detects the sound 
wave by detecting change of capacity due to vibration 
of the vibrating board, the back cannot be structurally 
opened to render the sound wave incident from the 
backside. Accordingly, it is ideal that the acoustoelectric 
transducer such as the microphone has nothing on its 
back as on its front. 

[0005] Moreover, an optica! microphone apparatus 
using an optical device is known as one of the micro- 
phones. 

[0006] For instance, Japanese Patent Application 
Laid-Open No. 8-297011 discloses an optical fiber sen- 
sor using a pair of optical fibers and having a configura- 
tion wherein light is irradiated to a vibration medium from 
one optical fiber connected to a light source and the light 
is detected by the other optical fiber, indicating that it is 
applicable to a microphone. 

[0007] An optical microphone device used for the op- 
tical microphone apparatus is comprised of the vibrating 
board for vibrating due to sound pressure, the light-emit- 
ting device for irradiating a light beam on this vibrating 
board, and the light-receiving element for receiving re- 
flected light from the vibrating board and outputting a 
signal corresponding to vibration displacement of the vi- 
brating board. 

[0008] Thereby it is possible to detect the vibration 
displacement of the vibrating board caused by the fact 
that the sound wave hits the vibrating board without 



touching this vibrating board and to convert the detected 
vibration displacement to an electric signal, so that it is 
no longer necessary to place a vibration detecting sys- 
tem on the vibrating board, weight of the vibrating por- 
5 tion can be rendered lighter, and feeble variation of the 
sound wave can be sufficiently followed. 
[0009] A first objective of the present invention is, for 
the purpose of solving the above-mentioned first prob- 
lem, to provide the acoustoelectric transducer having 
10 the directivity, as its directional characteristic, only in the 
vertical direction to the vibrating board. 
[0010] In addition, as for the microphone in the past, 
the apparatus is configured by using a single optical mi- 
crophone device so that one vibrating board covers f re- 
's quency characteristics ranging from low to high frequen- 
cies. 

[001 1] Such a microphone characteristic is generally 
called a monotone characteristic, where frequency cov- 
erage is actually almost limited to 50Hz to 20KHz as 
shown in FIG. 11. 

[0012] Thus, as the optical microphone apparatus in 
the past used a single optical microphone device using 
a single vibrating board, it is difficult to control the low 
to high frequencies with the single vibrating board so as 
to render the sensitivity (amplitude) thereof flat, in gen- 
eral, the sensitivity in a low frequency band is enhanced 
by increasing thickness of the vibrating board, and the 
sensitivity in a high frequency band is enhanced by de- 
creasing the thickness thereof. 
[0013] Accordingly, it is difficult, due to such a physical 
property of the vibrating board, to implement the optical 
microphone apparatus of which frequency characteris- 
tic of the sensitivity (amplitude) is flat over a wide fre- 
quency band. 

[001 4] A second objective of the present invention is, 
for the purpose of solving such a second problem in the 
past, to provide the acoustoelectric transducer like the 
optical microphone apparatus of which sensitivity (am- 
plitude) characteristic is flat over a wide frequency band. 
[001 5] Furthermore, in case of configuring the optical 
microphone apparatus of the wide frequency band by 
arranging a plurality of the past optical microphone de- 
vices, there is a fault that the vibrating board cannot be 
rendered close or the shape thereof becomes larger. For 
that reason, it is difficult to implement a small and wide- 
band directional microphone apparatus. 
[001 6] Moreover, as the size of the vibrating board of 
the microphone apparatus is fixed, it is difficult to have 
settings with featured frequency characteristics and to 
implement the microphone apparatus which is efficient 
in the wide frequency band. 

[001 7] A third objective of the present invention is, for 
the purpose of solving the above-mentioned third prob- 
lem , to provide the directional acoustoelectric transduc- 
er which is small and has the wide-band frequency char- 
acteristic. 
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Disclosure of the Invention 

[001 8] In order to attain the above first objective of the 
present invention, an acoustoelectric transducer of the 
present invention has a configuration wherein a vibrat- s 
ing board for vibrating due to sound pressure, a light- 
emitting device for irradiating a light beam on the above 
described vibrating board, a light-receiving element for 
receiving reflected light of the above described light 
beam irradiated on the above described vibrating board 
and outputting a signal corresponding to vibration dis- 
placement of the above described vibrating board, a bot- 
tom plate having the above described light-emitting de- 
vice and the above described light-receiving element 
placed thereon and provided opposite the above de- 
scribed vibrating board, and a supporting side plate for 
coupling the above described vibrating board and the 
above described bottom plate to be almost parallel and 
close are provided, and the above described light-emit- 
ting device and light-receiving element are placed al- 
most in the center of the above described bottom plate, 
with a first opening of the size allowing the sound wave 
to enter in a periphery. 

[0019] A plurality of the above described first open- 
ings may be provided. In addition, it is possible, on the 
above described acoustoelectric transducer, to provide 
a second opening of the size allowing the sound wave 
to enter on the above described supporting side plate. 
Furthermore, it is also possible to provide a plurality of 
the above described second openings. 
[0020] In order to attain the above second objective, 
the acoustoelectric transducer of the present invention 
has the configuration wherein an acoustoelectric trans- 
ducing device is provided with the vibrating board for 
vibrating due to sound pressure, the light-emitting de- 
vice for irradiating the light beam on the above described 
vibrating board, and the light-receiving element for re- 
ceiving the reflected light of the above described light 
beam irradiated on the above described vibrating board 
and outputting the signal corresponding to the vibration 
displacement of the above described vibrating board, a 
supporting frame for placing and fixing a plurality of the 
above described acoustoelectric transducing devices to 
position the above described vibrating boards almost on 
the same plane, a light source driving circuit for driving 
the above described light-emitting devices by supplying 
a predetermined current to each of the light-emitting de- 
vices of the above described plurality of acoustoelectric 
transducing devices, and a mixer circuit for mixing out- 
put signals from each light-receiving element of the 
above described plurality of acoustoelectric transducing 
devices, and the thickness of each vibrating board of the 
above described plurality of acoustoelectric transducing 
devices is rendered different so as to make receiving 
sensitivity almost even in mutually different frequency 
ranges. 

[0021] In the above described acoustoelectric trans- 
ducer, the above described acoustoelectric transducing 



device may be the configured to have a light-emitting 
and light-receiving device wherein the above described 
light-emitting device and light-receiving elements are 
placed on the same substrate, and the above described 
light-emitting device is a vertical cavity surface-emitting 
light-emitting device of which intensity distribution of 
light emission is concentrically almost even and is 
placed in the center of the above described substrate, 
with the above described light-receiving elements con- 
centrically placed to surround the above described light- 
emitting devices. 

[0022] In addition, it is possible to provide the above 
described vibrating board almost in parallel with and 
close to the above described substrate. 
[0023] The above described acoustoelectric trans- 
ducing devices can be provided so as to have the above 
described vibrating board exposed in the opening 
formed on a frame surface of the above described sup- 
porting frame. 

[0024] Furthermore, it is possible to render the fre- 
quency characteristic of the sensitivity of the output sig- 
nals from the above described mixer circuit almost flat 
in the range of 1Hz to 1 0OKHz. 
[0025] In order to attain the above third objective, an 
optical acoustoelectric transducer of the present inven- 
tion has in its cabinet the vibrating board for vibrating 
due to sound pressure, the light-emitting device for ren- 
dering the light incident on the above described vibrating 
board, and the light-receiving element for receiving the 
reflected light from the above described vibrating board 
and outputting acoustic displacement of the above de- 
scribed vibrating board by converting it into change of 
the electric signal, wherein a plurality of the vibrating 
boards are provided and a plurality of the above de- 
scribed light-receiving elements are provided to corre- 
spond to each vibrating board. And in the first embodi- 
ment, a plurality of the light-emitting devices are provid- 
ed to correspond to each of the plurality of the vibrating 
boards and the light-receiving elements. Also, the sec- 
ond embodiment has the configuration wherein a single 
light-emitting device is provided, and a plurality of the 
light-receiving elements receive the light beam from this 
single light-emitting device via a reflection path corre- 
sponding to each of the plurality of vibrating boards. In 
addition, the plurality of vibrating boards are placed in 
parallel on different planes by keeping predetermined 
spacing, or placed on the same plane apart from one 
another. Furthermore, these vibrating boards are com- 
prised of combinations of different sizes of the same 
thickness, for instance, in order to have different funda- 
mental frequencies respectively. Moreover the first em- 
bodiment of the present invention has each of the plu- 
rality of light-emitting devices placed on the same plane 
as the light-receiving element corresponding thereto, 
and the second embodiment has the single light-emit- 
ting device and the plurality of light-receiving elements 
placed on the same plane. Preferably, a vertical cavity 
surface emitting laser (VCSEL) should be used as the 
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light-emitting device, and the following configurations or 
the like should be adopted. 

[0026] (i) The light-receiving elements are provided to 
surround the VCSEL concentrically having almost even 
intensity distribution of light emission, (ii) A number of 5 
openings are provided to the cabinet so that sound 
reaches the above described vibrating board via these 
openings, (iii) A half mirror effect is given to some of the 
plurality of vibrating boards. Or (iv) The light beam is 
distributed via a half mirror device placed in the cabinet 
so as to have it irradiated on each vibrating board. 

Brief Description of the Drawings 

[0027] 

FIG. 1 is a exploded perspective view showing a 
configuration of an optical microphone apparatus 
according to an embodiment of the present inven- 
tion I; 

FIG. 2 is a side view of the optical microphone ap- 
paratus of the present invention I; 
FIG. 3 is a side sectional view of the optical micro- 
phone apparatus of the present invention I; 
FIGS. 4 are a side sectional view and a plan view 
showing the configuration of the optical microphone 
apparatus of another embodiment of the present in- 
vention I; 

FIG. 5 is a basic principle diagram of the optical mi- 
crophone apparatus of the present invention I; 
FIG. 6 is a diagram showing a directional charac- 
teristic of the microphone apparatus; 
FIG. 7 is a block circuit diagram showing the con- 
figuration of the optical microphone apparatus 
which is an embodiment of the present invention II; 
FIGS. 8 are a plan view and a side sectional view 
showing the configuration of the optical microphone 
device used in the present invention II; 
FIG. 9 is a diagram showing a relationship between 
thickness and amplitude of a vibrating board of the 
optical microphone device used for the present in- 
vention II as to frequencies; 
FIG. 1 0 is a diagram showing a frequency to ampli- 
tude characteristic of a compound optical micro- 
phone device used in the present invention II; 
FIG. 11 is a diagram showing the frequency to am- 
plitude characteristic of a monotone type micro- 
phone in the past; 

FIG. 12 is a diagram showing the configuration of 
an acoustoelectric transducer related to a first em- 
bodiment of the present invention III; 
FIG. 1 3 is a diagram showing a second embodiment 
of the present invention III; 
FIG. 14 is a diagram showing a third embodiment 
of the present invention 111; 
FIG. 15 is diagrams showing a fourth embodiment 
of the present invention 111; 
FIG. 16 is a diagram showing directivity of the acou- 



stoelectric transducer of the present invention III; 
FIG. 17 is a diagram showing frequency and sensi- 
tivity characteristics of the acoustoelectric trans- 
ducer of the present invention III; 
FIG. 1 8 is a diagram showing a fifth embodiment of 
the present invention III; and 
FIG. 19 is a diagram showing a sixth embodiment 
of the present invention III. 

Embodiments 

[0028] Hereafter, a configuration and an operation of 
an optical acoustoelectric transducer of the present in- 
vention will be described by referring to the drawings 
taking an optical microphone apparatus as an example. 
The present invention is largely classified into three 
types in relation to its object and configuration. Thus, in 
the following description, the inventions for attaining the 
above-mentioned first, second and third objects are re- 
ferred to as invention I, invention II and invention III for 
the sake of convenience respectively. Hereafter, the 
configurations of these invention I, invention II and in- 
vention III will be described in order. 

[invention I] 

[0029] FIG. 5 is a drawing showing a basic principle 
diagram of the optical microphone apparatus having no 
directivity in a side direction (hereafter referred to as a 
complete directional characteristic). 
[0030] A vibrating board 3 for vibrating due to sound 
pressure of a sound wave is mounted almost in the cent- 
er of a cabinet 5. And a light-emitting device 2 and a 
light-receiving element 4 are provided on the backside 
of the vibrating board 3 so that an incident light beam 
L1 from the light-emitting device 2 is reflected by the 
vibrating board 3 to be reflected light L2 and received 
by the light-receiving element 4. Thus, vibration dis- 
placement of the vibrating board 3 is detected, by the 
light-receiving element 4, as change of a light-receptive 
position of the reflected light L2. 
[0031] In this case, a sound wave 6 gets incident from 
the front of the vibrating board 3 and a sound wave 7 
gets incident from the back thereof, where if the respec- 
tive sound pressure phases are the same, no vibration 
occurs on the vibrating board 3 and no output is gener- 
ated from the light-receiving element 4. 
[0032] On the other hand, in the case where the sound 
wave 6 of a + b comes from the front direction of the 
vibrating board 3 and the sound wave 7 of a comes from 
the backside thereof, the sound wave a is canceled and 
only b is detected on the vibrating board 3. 
[0033] Here, in general ambient noise, noise and so 
on input from the front side and the backside of the mi- 
crophone with the same phase and amplitude. Accord- 
ingly, this becomes the sound wave a. 
[0034] On the other hand, a speech signal only gets 
incident as b from the front side of the microphone, and 
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consequently only noise a is canceled by the vibrating 
board 3 and only speech b is taken out. 
[0035] Thus, it is possible, by Implementing the con- 
figuration allowing the sound wave to come to the vibrat- 
ing board from the front and the backside, to take out 
only the speech signal so as to reduce the noise. In ad- 
dition, it is possible, by implementing such a configura- 
tion, to obtain the complete directional characteristic as 
shown by dotted lines in FIG. 6. 
[0036] FIGS. 1 to 3 are diagrams showing the config- 
uration of the optical microphone apparatus which is an 
embodiment of the present Invention I, where FIG. 1 
shows a exploded perspective view, FIG. 2 shows a side 
view, and FIG. 3 shows a side sectional view thereof 
respectively. 

[0037] As shown in FIGS. 1 and 3, the present inven- 
tion I has the light-emitting device and the light-receiving 
element formed as one piece as the light emitting and 
light-receiving device 10 and mounted on a substrate 9. 
This substrate 9 is mounted close to the center of a bot- 
tom plate 12. The bottom plate 12 is placed almost in 
parallel with and close to the vibrating board 3. 
[0038] A supporting side plate 30 for coupling this bot- 
tom plate 12 and the vibrating board 3 is formed as 
shown in FIG. 2. In addition, it is not always necessary 
to form this supporting side plate 30 to totally surround 
the bottom plate 12 and the vibrating board 3, but it is 
also feasible, for example, as shown in FIG. 1 , to con- 
figure it by erecting supports 35 on the periphery of the 
bottom plate 1 2 and connect a periphery 8 of the vibrat- 
ing board 3 to lower ends of these supports 35. 
[0039] It has the configuration wherein the substrate 

9 on which the light-emitting and light-receiving device 

1 0 is mounted is connected to a terminal 1 1 , and supply 
of power and delivery of necessary signals are per- 
formed to the light-emitting and light-receiving device 1 0 
and peripheral circuits thereof via this terminal 11. In ad- 
dition, the present invention I has openings 20 provided 
to the bottom plate 12 so as to render the sound wave 
from the backside of the vibrating board 3 incident. 
[0040] It is also feasible, as shown in FIG. 1 , to form 
these openings 20 by providing a plurality of circular 
holes on a circumference to surround the light-emitting 
and light-receiving device 10. It is possible, by forming 
such openings 20 on the bottom plate 1 2, to induce the 
noise from the backside to the vibrating board 3. 
[0041 ] Moreover, it is possible, in addition to the open- 
ings 20 provided on the bottom plate 12, to also provide 
openings 25 to the supporting side plate 30 so as to al- 
low the sound wave to enter as shown in FIG. 2. How- 
ever, if the openings 25 provided on the supporting side 
plate 30 are formed to have excessively large opening 
area, the speech from the front of the vibrating board 3 
diffracts and gets incident on the backside thereof via 
these openings 25 to cancel the speech, and so it is de- 
sirable to provide the openings of an adequate size. 
[0042] FIGS. 4 are diagrams showing another em- 
bodiment of the present invention I, that is, the diagrams 



showing the configuration of a head portion of the optical 
microphone device. 

[0043] FIG. 4(a) shows a sectional shape, where an 
electronic circuit board 62 is provided on a bottom 58 of 
5 a container 51 , and a substrate 59 on which the light- 
emitting device and the light-receiving element are 
placed'is mounted on this board 62. It can also be 
mounted by electrically connecting the substrate 59 and 
the board 62 by flip chip bonding for instance. In addi- 
10 tion, it is possible, if the bottom 58 is configured with a 
semiconductor substrate such as silicon, to omit the 
electronic circuit board 62 since an electronic circuit can 
be configured thereon. Moreover, the embodiment 
shown in FIG. 4 uses a vertical cavity surface emitting 
15 laser diode LD as the light-emitting device and a photo- 
diode PD as the light-receiving element. The vertical 
cavity surface emitting laser diode LD in a circular shape 
is placed in the middle of the substrate 59, and the light- 
receiving elements PD are concentrically provided to 
surround the LD. 

[0044] FIG. 4(b) is a plane showing enlarged light re- 
ceptive and emitting portions of the substrate 59 on 
which the light-emitting device and light-receiving ele- 
ments shown as enclosed by a dotted line in FIG. 4(a) 
are mounted. 

[0045] As shown in the drawing, the light-emitting de- 
vice LD in the circular shape is placed in the center, and 
the light-receiving elements PD1 , PD2 ... PDn are con- 
centrically provided to surround it. Moreover, the vertical 
cavity surface emitting laser can be used as the light- 
emitting device LD used here. 
[0046] These light-emitting devices LD and the light- 
receiving elements PD can be simultaneously manufac- 
tured on a gallium arsenide wafer by a semiconductor 
manufacturing process. 

[0047] Accordingly, alignment accuracy of the light- 
emitting devices LD and the light-receiving elements PD 
is determined by accuracy of a mask used in the semi- 
conductor manufacturing process, and so ft is possible, 
as the alignment accuracy thereof can be rendered as 
1 jim or less, to implement it with high accuracy of a one 
millionth or less compared to the alignment accuracy of 
the light-emitting device and the light-receiving ele- 
ments of optical microphone devices of the past. 
[0048] In general, a vertical cavity surface emitting de- 
vice has a characteristic that its intensity distribution of 
the light emission is concentrically almost even. Accord- 
ingly, radiated light that is radiated toward a vibrating 
board 52 at a predetermined angle from the light-emit- 
ting device LD placed in the center is concentrically re- 
flected with the same intensity, and its reflection angle 
is changed by vibration of the vibrating board 52 due to 
reception of a sound wave 57 so that it concentrically 
reaches the light-receiving elements PD. 
[0049] Accordingly, the vibration displacement of the 
vibrating board 52 can be detected by detecting the 
change of a received light amount of the concentrically 
placed light-receiving elements PD1 ... PDn. It becomes 
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usable as the optical microphone device since it can 
thereby detect the intensity of the incident sound wave 
57. 

[0050] Moreover, an electrode 61 is formed in order 
to drive the light-emitting devices LD and the light-re- 
ceiving elements PD or to detect an Incident light 
amount. 

[0051] Moreover, it is the same as the embodiment 
shown in FIGS. 1 to 3 that the openings not shown are 
provided on a side wall and the bottom 58 of the con- 
tainer 51. 

[0052] As this embodiment uses the light-emitting de- 
vice and the light-receiving element using the vertical 
cavity surface emitting device (VCSEL) and the photo- 
diode (PD) configured in a monolithic structure on the 
same plane, it is very small, able to secure large space 
on the backside of the vibrating board and eliminate a 
resistance to the sound pressure. 
[0053] Moreover, the present invention I is not limited 
to the optical microphone apparatus but is also applica- 
ble to an optical sensor. 

[Invention II] 

[0054J FIG. 7 is a block diagram showing the config- 
uration of the optical microphone apparatus which is an 
embodiment of the present invention II. 
[0055] In the present invention II, the optical micro- 
phone device compounded by combining a plurality of 
light-receiving elements M1 , M2, ... M6 of which thick- 
ness of the vibrating board is mutually different respec- 
tively is formed, and it has the configuration wherein the 
output from each light-receiving element thereof is in- 
putted to a mixer circuit 71 and mixed and is taken out 
as an output signal 72. It Is configured so that a prede- 
termined driving current is supplied to the light-emitting 
device of each of the optical microphone devices M1 to 
M6 from a light source driving circuit 70. 
[0056] FIGS. 8 are diagrams showing the configura- 
tion of the compound optical microphone device config- 
ured by combining the plurality of optical microphone 
devices M1 to M6, where (a) shows a top view and (b) 
shows a side sectional view thereof respectively. 
[0057] The optical microphone devices M1 to M6 are 
configured by having each of them sectioned by a 
shielding plate 85 as shown in FIG. 8(b), and are placed 
and fixed so as to position vibrating boards 82 of the 
plurality of optical microphone devices M1 to M6 almost 
on the same plane as supporting frames 84 and 86. 
Each optical microphone device is comprised of a light- 
emitting device 81 and a light-receiving element 83 
mounted on the substrate not shown and the vibrating 
boards 82 placed almost in parallel with and close to the 
substrate having the light-emitting device 81 and the 
light-receiving element 83 mounted thereon, having the 
configuration wherein the light beam from the light-emit- 
ting device 8 1 is reflected by the vibrating boards 82 and 
received by the light-receiving element 83 so that the 



signal corresponding to the vibration displacement of 
the vibrating boards 82 is taken out. 
[0058] As shown in FIG. 8(a), each vibrating board 82 
is placed to be exposed in the opening formed on a 

5 frame surface 86 of the supporting frames 84 and 86. 
[0059] These vibrating boards 82 are placed to be lo- 
cated in the same plane as the frame surface 86 and 
are fixed on the supporting frames 84 and 86. 
[0060] FIG. 4(b) is a diagram showing the configura- 

10 tion of the light-emitting and light-receiving device of the 
optical microphone devices M1 to M6 used in the 
present invention II. 

[0061] The vertical cavity surface emitting laserdiode 
LD andthe light-receiving elements PD such as the pho- 

15 todiodes are placed on the gallium arsenide substrate 
59. The laser diode LD is formed in the center of the 
substrate 59, and a plurality of the light-receiving ele- 
ments PD are concentrically formed to surround it. Elec- 
trodes 8 are taken out of the laser diode LD and the light- 

20 receiving elements PD. 

[0062] The vertical cavity surface emitting laser diode 
LD has the a characteristic that its intensity distribution 
of the light emission is concentrically almost even, 
where the laser beam concentrically radiated from this 

25 laser diode LD is concentrically reflected by the vibrating 
board, and it is received by the light-receiving elements 
PD to be taken out as a receiving signal. 
[0063] Moreover, as for the light-emitting and light-re- 
ceiving device shown in FIG. 4(b), the light-receiving el- 

30 ements can be taken out by differential output since they 
are concentrically formed on a plurality of circles, and it 
is thereby possible to absorb an error such as temper- 
ature change of the laser diode LD. 
[0064] Here, the vibrating board of the optical micro- 

35 phone device used in the present invention II will be de- 
scribed. 

[0065] FIG. 9 is a diagram showing a relationship be- 
tween a thickness t and an amplitude characteristic of 
the vibrating board. 

40 [0066] To be more specific, in the case where a fre- 
quency f of a wave-receptive sound wave is low, the thin- 
ner the thickness t of the vibrating board is, the larger 
the amplitude becomes. And If the frequency is high, the 
thicker the thickness t is, the smaller the amplitude be- 

45 comes. 

[0067] The present invention II utilizes this property 
so that the thickness of the respective vibrating boards 
of the plurality of optical microphone devices M1 to M6 
becomes different to have almost even receiving sensi- 

50 tivity in mutually different frequency ranges. 

[0068] To be more specific, a reproducible frequency 
range of the sound waves is limited for the vibrating 
board of each optical microphone device, so that the vi- 
brating board of the thickness conforming to that fre- 

55 quency range is set. 

[0069] FIG. 10 shows an amplitude characteristic in 
the case where the thicknesses of the vibrating board 
of each optical microphone devices M1 to M6 are 
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changed and the frequencies reproducible for each of 
them are dividedly assigned. 
[0070] For instance, assignment is performed to the 
optical microphone device M1 to be able to reproduce 
the sound waves in the lowest frequency range, and to * 
the optical microphone device M6 to be able to repro- 
duce the sound waves in the highest frequency range. 
In this case, it is necessary to render the vibrating board 
thickest for the optical microphone device M1 and to 
render it thinnest for the optical microphone device M6. 10 
[0071] Thus, it is possible to obtain the amplitude 
characteristic as shown in FIG. 10 by selecting the thick- 
ness of the vibrating board so that, according to the fre- 
quency range assigned to each optical microphone de- 
vice, the amplitude characteristic thereof becomes al- '5 
most flat. 

[0072] Moreover, the amplitude characteristics of the 
optical microphone devices M1 to M6 are corresponding 
to A1 to A6 shown in FIG. 10 respectively. 
[0073] It is possible to obtain the compound optical 20 
microphone device having the flat amplitude character- 
istic in the entire frequency range as shown in FIG. 10 
by inputting the amplitude characteristics of the plurality 
of optical microphone devices to the mixer circuit 71 
shown in FIG. 7 and synthesizing them. 25 
[0074] Thus, according to the present invention, it is 
possible to implement the optical microphone apparatus 
of which frequency characteristic of the sensitivity from 
the mixer circuit 71 is almost flat in the range of 1 Hz to 
100KHZ. In addition, it is possible to implement minia- so 
turization by configuring the optical microphone device 
with the vertical cavity surface emitting laser (VCSEL) 
diode and the photodiode (PD) configured in a mono- 
lithic structure. For this reason, the miniaturization is 
possible even when the plurality of optical microphone 35 
devices are combined. 

[Invention III] 

[0075] FIG. 12 is a diagram showing a first embodi- *o 
ment of the acoustoelectric transducer of the present in- 
vention III, where (a) shows a sectional view and (b) 
shows an external view thereof. 
[0076] In the embodiment shown in FIG. 12, vibrating 
boards 2-1 to 2-5 are arranged on different planes in 45 
parallel with predetermined spacing, and light-emitting 
devices LD1 to LD5 and light-receiving elements PD1 
to PD5 are provided in correspondence with the respec- 
tive vibrating boards 2-1 to 2-5. The vibrating boards 2-1 
to 2-5 have a disc configuration of the same thickness so 
and different sizes. The respective vibrating boards 2-1 
to 2-5 are mounted on vibrating board mounting mem- 
bers 4-1 to 4-5 formed in a cabinet 91 respectively. In 
addition, the light-emitting devices LD1 to LD5 and the 
light-receiving elements PD1 to PD5 are mounted on 55 
light-emitting and light-receiving device mounting mem- 
bers 5-1 to 5-5 respectively. Supply of a driving current 
to the light-emitting devices LD1 to LD5 and fetching of 



a light-receptive current form the light-receiving ele- 
ments PD1 to PD5 are performed via an electronic cir- 
cuit board 99. Moreover, in order to ensure coming of 
the sound waves to the vibrating boards 2-1 to 2-5 and 
provide directivity to the front and rear thereof, a large 
number of openings 3 are provided to the cabinet 91 
and the mounting members 4-1 to 4-5 and 5-1 to 5-5. 
When focusing the light irradiated from the light-emitting 
devices LD1 to LD4 on the centers of the respective vi- 
brating boards 2-1 to 2-4, the vibrating boards 2-2 to 2-5 
existing closer become obstacles. Accordingly, small 
holes 6 are provided on the closer vibrating boards in 
order to pass the incident light and the reflected light as 
shown in FIG. 12(c). Here, a basic resonance frequency 
F 0 of the vibrating boards 2-1 to 2-5 shown in FIG. 1 2 is 
indicated by the following formula. 

F 0 = (.467t/R 2 ) 7{Q/p(1 - a 2 )} 

Here, t = thickness of the vibrating board (cm) 

R = radius of the vibrating board to a peripherally 

clamped position (cm) 

p = Density (g/cm 3 ) 

o = Poisson's ratio 

Q = Young's modulus (dyne/cm 2 ) 

[0077] To be more specific, as the basic resonance 
frequency F 0 is inversely proportional to a square of the 
radius of the vibrating board, a quadruple frequency can 
be obtained if the radius becomes half. Furthermore, in 
the case of the basic resonance frequency or a reso- 
nance frequency of even number times thereof, it be- 
comes a division mode wherein the amplitude is the 
largest around the center thereof, and so the sensitivity 
becomes extremely high around the resonance fre- 
quency when the light is focused thereon. Accordingly, 
in this embodiment, the radiuses of the vibrating boards 
2- 1 to 2-5 are set to be 1 : 73 : 75 : 79 : 720 , where the re- 
spective resonance frequencies are superimposed so 
as to cover a wide frequency band. Here, as the voice 
band is emphasized, the basic resonance frequency of 
the vibrating board 2-5 that is the highest is set at 1 00Hz. 
Thus, the extremely high sensitivity is obtained In the 
range of approximately 1 00 to 3,000Hz as shown in FIG. 
17. 

[0078] In addition, if the space among the respective 
vibrating boards is large, deterioration of the directivity 
becomes worse even at low frequencies due to devia- 
tion of phases, and so it is desirable to place the vibrat- 
ing boards with the spacing as narrow as possible. Here, 
it is set at approximately 2mm so as to obtain stable sen- 
sitivity up to the frequency characteristic of 20kHz or so. 
[0079] FIG. 13 shows a sectional structure of the 
acoustoelectric transducer related to a second embod- 
iment of the present invention III. This embodiment is 
different from the first embodiment in that the light-emit- 
ting devices LD and the light-receiving elements PD are 
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placed on the same mounting member 97. Adoption of 
such a configuration allows the shape of the apparatus 
to be miniaturized compared to the first embodiment. 
[0080] FIG. 14 shows the sectional structure of the 
acoustoelectric transducer related to a third embodi- 5 
ment of the present invention III. 
[0081] In the present invention III, the light-emitting 
devices and the light-receiving elements are placed on 
the same mounting member 97 as in the embodiment 
shown in FIG. 13. While it is necessary, in the case of 
the embodiments shown in FIG. 12 and FIG. 13, to pro- 
vide the small holes 6 on the closer vibrating boards just 
to pass the incident light and the reflected light, it is con- 
figured, by arranging the vibrating boards 2 to deviate 
sideward respectively, to prevent change of the shape 
of the vibrating boards (2-1 to 2-5) and change of the 
frequency characteristics due to provision of such holes 
1 06 and to make small holes on mounting members 4-2 
and 4-3 to pass the light. This makes it unnecessary to 
make small holes on the vibrating boards. In addition, 
in the case of the acoustoelectric transducer as shown 
in FIG. 14, it is possible to use the vertical cavity surface 
emitting laser diodes (VCSEL) for the light-emitting de- 
vice and use the light-emitting and light-receiving device 
wherein an arrangement is made to concentrically sur- 
round the device as shown in FIG. 4. 
[0082] FIGS. 15 show a block diagram of the acous- 
toelectric transducer related to a fourth embodiment of 
the present invention III, where (a) shows a sectional 
view and (b) shows an external view thereof. This em- 
bodiment has all the vibrating boards (2-1 to 2-5) placed 
on a mounting members 94 which are on the same 
plane. In addition, the light-emitting devices and light- 
receiving elements are placed likewise on the same 
mounting member 97 in correspondence with each vi- 
brating board. It is possible, by adopting such a config- 
uration, to render the vertical thickness smaller while the 
horizontal thickness increases. It is also feasible, in this 
embodiment, to use the light-emitting and light-receiving 
device as shown in FIG. 4. 

[0083] As a result of using the configuration described 
above, the directivity that can be finally obtained by syn- 
thesizing sensitivity characteristics from such a plurality 
of vibrating boards takes the form as shown in FIG. 16. 
While a gain is slightly impaired by the existence of other 
vibrating boards, the light-emitting devices and light-re- 
ceiving elements and other components in the rear, it is 
possible to implement the acoustoelectric transducer 
having sharp directivity forward and backward. 
[0084] Moreover, in the case where the vibrating 
board is horizontally placed as shown in FIG. 15, high 
frequency characteristics deteriorate compared to the 
one vertically placed, the forward and backward direc- 
tional characteristics take almost the same form as the 
vertical one shown in FIG. 16. 
[0085] As described above, it is possible, by combin- 
ing the plurality of optical microphone apparatuses, to 
configure a directional microphone apparatus of the 



wide frequency band. 

[0086] However, in such a configuration of the appa- 
ratus, the light-emitting devices and the vibrating boards 
are used at a ratio of 1:1 when combining the plurality 
of devices, and so a plurality of pairs of combinations of 
vibrating boards and light-emitting devices are required. 
[0087] Thus, the apparatus of which relationship be- 
tween the vibrating boards and the light-emitting devic- 
es is 1 :1 has a problem that the vibrating boards cannot 
be closely placed or their shape becomes larger. There- 
fore, the present invention has the configuration, as a 
further improvement, wherein the plurality of vibrating 
boards are associated with one light-emitting device in 
order to implement the directional optical microphone 
apparatus of a small size and having wide-band fre- 
quency characteristics and reduce costs by decreasing 
the numberof relatively expensive light-emitting devices 
used thereon. It is thereby possible to cut the numberof 
the light-emitting devices so as to implement the optical 
acoustoelectric transducer of the small size and having 
the directivity of which frequency bandwidth is wide. 
[0088] Hereafter, a concrete configuration thereof will 
be described. 

[0089] FIG. 1 8 is a sectional view of the acoustoelec- 
tric transducer showing a fifth embodiment related to the 
further improvement of the present invention III. 
[0090] A plurality of vibrating boards 2a, 2b and 2c are 
vertically placed and mounted step-wise in a cabinet 
101. 

[0091] And a single light-emitting device 103 is 
mounted in the lower portion of these vertically placed 
vibrating board. 

[0092] In addition, the light-receiving elements 4a, 4b 
and 4c are arranged and mounted on the same plane 
where the light-emitting device 103 is mounted respec- 
tively. 

[0093] Moreover, openings 5 for rendering the sound 
waves from the outside incident are provided on an out- 
er wall surface of the cabinet 101, the mounting mem- 
bers of the vibrating boards 2a, 2b and 2c, and mounting 
plates of the light-emitting device 103 and the light-re- 
ceiving elements 4a to 4c. 

[0094] It is configured, by providing such openings 
105, to have the sound waves incident from the front 
and back of the respective vibrating boards 2a and 2b. 
[0095] Thus, the optical microphone apparatus 
comes to have bi-directivity on the front and back of the 
vibrating boards. 

[0096] In addition, it is desirable to use the VCSEL as 
the light-emitting device 1 03. 
[0097] A laser beam radiated from the light-emitting 
device 103 gets incident on the vibrating board 2a, and 
is partially reflected and gets incident on the light-receiv- 
ing element 4a. 

[0098] In addition, a portion thereof passes through 
this vibrating board 2a, and gets incident on the vibrating 
board 2b. 

[0099] The light incident on the vibrating board 2b is 
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also partially reflected here and gets incident on the 
light-receiving element 4b. 

[0100] In addition, the light which passed through the 
vibrating board 2b gets incident on the vibrating board 
2c, and is reflected here and gets incident on the light- 
receiving element 4c. 

[0101] Accordingly, it is necessary to use a material 
having a half mirror effect for the vibrating boards 2a 
and 2b. 

[0102] The shapes of the vibrating boards 2a, 2b and 
2c are defined to have different acoustic resonance fre- 
quencies respectively. 

[0103] In the example shown in FIG. 18, the respec- 
tive vibrating boards have different sizes. 
[01 04] Accordingly, the small-sized vibrating board 2c 
has a higher resonance frequency, and the large-sized 
vibrating board 2a has a lower resonance frequency. 
[0105] Thus, the frequency characteristics obtained 
by using the vibrating boards having different shapes 
and totalizing output from the three vibrating boards are 
the wide-band frequency characteristics. 
[0106] That is, sound receiving characteristics are 
formed by synthesizing peak characteristics of three vi- 
brating boards 2a, 2b and 2c, to render the gain higher 
in a desired frequency range. 
[0107] In addition, while output characteristics ob- 
tained by totalizing the output of the three light-receiving 
elements 4a to 4b are influenced by the other vibrating 
boards, the light-emitting device 103 and the light-re- 
ceiving elements 4a to 4c in the rear of the vibrating 
boards and a little gain is lost, it is possible, as the open- 
ings 105 allow the vibrating boards to vibrate freely, to 
have the sharp directivity forward and backward. 
[0108] Moreover, it is not always necessary to place 
the light-emitting device 103 and the light-receiving el- 
ement 1 04 on the same plane in spite of their placement 
in FIG. 18. 

[0109] In addition, it is sufficient to define the shapes 
j of the plurality of vibrating boards 2a to 2c to have dif- 
ferent acoustic resonance frequencies respectively, not 
necessarily having to form them only to have different 
sizes, and it is also possible to change their thicknesses 
so as to form them to have different acoustic resonance 
frequencies respectively. 

[01 1 0] FIG. 1 9 is a sectional view of the acoustoelec- 
tric transducer showing a sixth embodiment related to 
the further improvement of the present invention III. 
[0111] This embodiment has the vibrating boards 2a 
and 2b placed on the same plane. 
[0112] Furthermore, the light-emitting device 103 and 
the light-receiving elements 4a and 4b are placed on the 
same plane. 

[0113] In addition, a half mirror 106 is placed in a pre- 
determined position in the cabinet 101. 
[01 1 4] The light radiated from the light-emitting device 
103 is partially reflected by the half mirror 106, hits the 
vibrating board 2a and is reflected thereon to get inci- 
dent on the light-receiving element 4a. 



[0115] On the other hand, the portion of the light hav- 
ing passed through the half mirror 106 gets incident on 
the vibrating board 2b, and is reflected thereon to get 
incident on the light-receiving element 4b. 
s [0116] The light thus irradiated from the light-emitting 
device 103 is distributed by the half mirror 106, and is 
reflected by the vibrating boards 2a and 2b to get inci- 
dent on the light-receiving elements 4a and 4b respec- 
tively. 

io [0117] According to the configuration shown in FIG. 
19, it is possible to implement a further miniaturized 
acoustoelectric transducer since vertical length can be 
rendered shorter than the configuration shown in FIG. 
18. 

[0118] Moreover, it is also possible, in the configura- 
tion shown in FIG. 19, to render the shapes of the vi- 
brating boards 2a and 2b different so as to render the 
respective acoustic resonance frequencies different. 
[0119] The acoustic characteristics thus synthesized 
can render the gain even in the wide frequency band. 
[0120] In addition, it is possible, by using the VCSEL 
as the light-emitting device 103, to render the diameter 
of the light-emitting beam extremely thin and set focal 
distance freely enough to provide a degree of freedom 
to the distance between the vibrating boards and the 
light-emitting device. 

[0121] Thus, according to the above improved appa- 
ratus of the present invention III, it is possible to closely 
place the vibrating boards to one another and besides, 
to have the configuration having no obstacle between 
them so as to implement the microphone apparatus hav- 
ing the extremely sharp directivity and the frequency 
characteristics extended to high frequencies by totaliz- 
ing the bi-directivity of the respective vibrating boards. 
[0122] While the configurations of the present inven- 
tion I to III were described in detail above by taking the 
optical microphone apparatus as an example, it is need- 
less to say that the present invention is not limited to the 
optical microphone apparatus but is applicable to an 
acoustic sensor and so on. 

Industrial Applicability 

[01 23] As described in detail above based on the em- 
bodiments, it is possible, according to the present inven- 
tion I, to provide the openings on the bottom plate having 
the light-emitting and light-receiving device placed ther- 
eon provided opposite the vibrating boards so as to pri- 
marily render the noise incident on the vibrating boards 
and thereby reduce the noise. And it is also possible to 
render a directional pattern close to an ideal shape like 
a letter 8. 

[0124] In addition, according to the present invention 
II, it is possible to implement the acoustoelectric trans- 
ducer of which amplitude characteristic is almost even 
over the wide frequency band because an acoustoelec- 
tric transducing device compounded by combining a 
plurality of acoustoelectric transducing devices is con- 
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figured and the thicknesses of the respective vibrating 
boards of the plurality of acoustoelectric transducing de- 
vices are combined to render the receiving sensitivity 
almost even in different frequency ranges. 
[0125] Accordingly, it is possible to widely utilize the 
acoustoelectric transducer of the present invention as 
the microphone apparatus for music suitable for the fu- 
ture digital age. In addition, it can be used not only as 
. i the microphone apparatus but also as the acoustic sen- 

sor. 

[0126] Furthermore, according to the present inven- 
tion III, it is possible to implement the acoustoelectric 
transducer of good directivity which is small-sized and 
has wide-band characteristics by adopting the configu- 
ration wherein the plurality of vibrating boards are 
placed on the same plane or on different planes and the 
light-emitting and light-receiving device is provided in 
correspondence therewith. In addition, it is possible to 
implement the apparatus capable of changing the sizes 
of the respective vibrating boards to change the fre- 
quency characteristics and gathering sound efficiently 
in the wide frequency band. 

[0127] In addition, it is possible, by using the VCSEL 
as the light-emitting device, to render the diameter of 
the light-emitting beam extremely thin and thereby set 
focal distance relatively freely. 
[0128] Accordingly, it is possible to provide the degree 
of freedom to the distance between the vibrating boards 
and the light-emitting device. 
[0129] Thus, it is possible to place the plurality of vi- 
brating boards very closely to one another and besides, 
to have no obstacle among them so as to implement the 
acoustoelectric transducer having the extremely sharp 
directivity and the characteristics extended to the wide 
frequencies by totalizing the bi-directivity of the individ- 
ual vibrating boards. 

[0130] Furthermore, it is possible, in the case of using 
the vibrating boards of different diameters, to arbitrarily 
change the frequency characteristics by differences in 
the resonance frequencies determined by the diameters 
of the vibrating boards. Accordingly, it is possible to im- 
plementthe directional acoustoelectrictransducerof ex- 
tremely high sensitivity by using the most efficient band. 
Moreover, it is possible to implement the directional 
acoustoelectric transducer having an advantage in 
terms of costs by further improving it to place the plural- 
ity of vibrating boards to one light-emitting device. 

Claims 

1. An optical acoustoelectric transducer, said trans- 
ducer comprising: 

a vibrating board vibrating due to sound pres- 
sure; 

a light-emitting device for irradiating a light 
beam on said vibrating board; 



a light-receiving element for receiving the re- 
flected light of said light beam irradiated on said 
vibrating board and outputting a signal corre- 
sponding to the vibration displacement of said 
s vibrating board; 

a bottom plate having said light-emitting device 
and said light-receiving element placed thereon 
and provided in opposite to said vibrating 
board; and 

10 a supporting side plate for coupling said vibrat- 

ing board and said bottom plate to be mounted 
almost in parallel and closely, 

wherein said light-emitting device and light- 
15 receiving element are placed almost in the center 
of said bottom plate, with a first opening of a size 
allowing a sound wave to enter provided in a pe- 
riphery. 

20 2. The optical acoustoelectric transducer according to 
claim 1 , 

wherein in that a plurality of said first openings 
are provided. 

25 3. The optical acoustoelectric transducer according to 
claim 1 or 2, 

wherein in that a second opening of a size al- 
lowing a sound wave to enter is provided on said 
supporting side plate. 

30 

4. The optical acoustoelectric transducer according to 
claim 3, 

wherein in that a plurality of said second open- 
ings are provided. 

35 

5. An optical acoustoelectric transducer, said trans- 
ducer comprising: 

an optical acoustoelectric transducing device 
40 having a vibrating board for vibrating due to 

sound pressure, a light-emitting device for irra- 
diating a light beam on said vibrating board, and 
a light-receiving element for receiving the re- 
flected light of said light beam irradiated on said 
^5 vibrating board and outputting a signal corre- 

sponding to the vibration displacement of said 
vibrating board; 

a supporting frame for placing and fixing a plu- 
rality ones of said optical acoustoelectric trans- 

50 ducing device to position their vibrating boards 

almost on the same plane; 
a light source driving circuit for driving said 
light-emitting devices by supplying a predeter- 
mined current to each of the light-emitting de- 

55 vices of said plurality of optical acoustoelectric 

devices; and 

a mixer circuit f or m ixing the output signals from 
respective each light-receiving elements of 



10 



19 



EP 1 239 698 A1 



20 



said plurality of optical acoustoelectric trans- 
ducing devices, 

wherein the thicknesses of respective vibrat- 
ing boards of said plurality of optical acoustoelectric 
transducing devices are rendered different so as to 
make receiving sensitivity almost even in mutually 
different frequency ranges. 

6. The optical acoustoelectric transducer according to 
any one of claims 1 and 5, 

wherein said optical acoustoelectric transduc- 
ing device has a light emitting/receiving device 
wherein said light-emitting device and said light-re- 
ceiving elements are placed on the same substrate, 
said light-emitting device being a vertical cavity sur- 
face-emitting light-emitting device whose intensity 
distribution of light emission is concentrically almost 
even and being placed in the center of said sub- 
strate, said light-receiving elements concentrically 
being placed to surround said light-emitting device. 

7. The optical acoustoelectric transducer according to 
claim 2, 

wherein in that said vibrating board is placed 
almost in parallel with and close to said substrate. 

8. The optical acoustoelectric transducer according to 
any one of claims 1 to 3, 

wherein said optical acoustoelectric transduc- 
ing device is placed so as to expose said vibrating 
board in the opening formed on a frame surface of 
said supporting frame. 

9. The optical acoustoelectric transducer according to 
any one of claims 1 to 4, 

wherein in that a frequency characteristic of 
sensitivity of the output signals from said mixer cir- 
cuit is almost flat in the frequency range of 1Hz to 
100KHz. 

10. An optical acoustoelectric transducer having in its 
cabinet a vibrating board vibrating due to sound 
pressure, a light-emitting device for rendering light 
incident on said vibrating board, and a light-receiv- 
ing element for receiving the reflected light from 
said vibrating board and converting the acoustic 
displacement of said vibrating board to an electric 
signal to output the converted electric signal, 

characterized in that a plurality ones of the 
vibrating board are provided and a plurality ones of 
said light-receiving element are provided to corre- 
spond to the respective vibrating boards. 

1 1 . The optical acoustoelectric transducer according to 
claim 10, 

wherein a plurality of ones said light-emitting 
devices are provided to correspond to respectives 



ones of said plurality of light-receiving elements and 
the vibrating boards. 

12. The optical acoustoelectric transducer according to 
5 claim 10, 

wherein said plurality of light-receiving ele- 
ments receive lights beam from a single light-emit- 
ting device via a reflection paths corresponding to 
respective ones of said plurality of vibrating boards. 

10 

13. The optical acoustoelectric transducer according to 
claim 10, 

wherein said plurality of vibrating boards are 
placed in parallel on respective different planes ar- 
15 ranged maintaing a predetermined spacing. 

1 4. The optical acoustoelectric transducer according to 
claim 10, 

wherein said plurality of vibrating boards are 
20 placed on the same plane apart from one another. 

1 5. The optical acoustoelectric transducer according to 
claim 10, 

wherein said plurality of vibrating boards are 
25 comprised of a combination of the vibrating boards 
having respective different fundamental frequen- 
cies. 

16. The optical acoustoelectric transducer according to 
30 claim 15, 

wherein said plurality of vibrating boards are 
comprised of a combination of the vibrating boards 
having the same thickness and respective different 
sizes. 

35 

17. The optical acoustoelectric transducer according to 
claim 11, 

wherein each of said plurality of light-emitting 
devices is placed on the same plane as the light- 
40 receiving element corresponding thereto. 

18. The optical acoustoelectric transducer according to 
claim 12, 

wherein single light-emitting device and said 
45 plurality of light-receiving elements are placed on 
the same plane. 

1 9. The optical acoustoelectric transducer according to 
any one of claims 10 to 15, 

so wherein said light-emitting device is com- 

prised of a vertical cavity surface emitting laser de- 
vice whose intensity distribution of light emission is 
concentrically almost even, and said light-receiving 
elements are provided to surround said laser de- 

55 vice. 

20. The optical acoustoelectric transducer according to 
claim 10, 
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wherein a number of openings are provided 
to said cabinet so that sound reaches said vibrating 
board via said openings. 

21 . The optical acoustoelectric transducer according to 5 
claim 12, 

wherein some of said plurality of vibrating 
boards have a half mirror effect. 

22. The optical acoustoelectric transducer according to 10 
claim 12, 

wherein light beam is distributed via a half mir- 
ror device placed in said cabinet so that the distrib- 
uted lights are irradiated on respective ones of said 
vibrating boards. is 
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